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Because of the particularity of its task and application environment, the navigation 
system model cannot meet the required requirements for the reliability and precision of 
the system. The inertial navigation system (INS) and the celestial navigation system 
(CNS) have their own advantages and disadvantages, and their combination can give 
full play to their advantages, constitute a strong autonomy and anti-interference ability 
of high-precision navigation system. For this reason, this paper will focus on inertial / 
celestial navigation technology to carry out relevant research, analysis of inertial / 
celestial navigation system error algorithm and amended, can be applied to such as deep 
sea, desert, mountain and other special environment long navigation attitude, 
positioning inertia / celestial combination of navigation program. 
In this paper, we first study the error model and the main influencing factors for 
different navigation methods of single navigation system, and establish the error model 
of inertial navigation and celestial navigation separately. Based on this, the inertial 
navigation part analyzes the Kalman filter method and establishes the mathematical 
arrangement Equation, celestial navigation part proposed based on the height difference 
method and the star sensor mathematical model and algorithm. 
On the basis of the above research, taking into account the inertia navigation of 
the main gyroscope error over time and the special circumstances of the subsystem may 
not work, etc. the use of celestial navigation information to achieve inertial navigation 
system error mutual correction, research and analysis of different The inertial / celestial 
adaptive fusion algorithm model is proposed, and the inertial / celestial integrated 
navigation system based on gyroscope error is analyzed and analyzed. The inertial / 
celestial adaptive fusion algorithm model is proposed.  
In this paper, an inertial / celestial navigation simulation platform based on STK / 
Matlab is designed. Based on the study of inertial / celestial navigation algorithm, the 
flight path, inertial navigation subsystem, celestial navigation subsystem, environment, 















of inertial / celestial navigation system algorithms. 
 
Key words：inertial navigation; celestial navigation; Kalman filter; combined 






































第一章 绪 论 ........................................................................................................... 1 
1.1 研究背景及意义 ............................................................................................ 1 
1.2 国内外研究现状 ............................................................................................ 1 
1.2.1 组合导航国内外研究现状..................................................................... 3 
1.2.2 惯性/天文组合导航国内外研究现状 ................................................... 3 
1.3 课题研究目的与意义 ..................................................................................... 5 
1.4 本文主要研究内容安排 ................................................................................. 6 
第二章 惯性导航系统误差研究 ........................................................................ 9 
2.1 引言 ................................................................................................................. 9 
2.2 惯性导航系统定位算法原理 ....................................................................... 10 
2.2.1 常用坐标系........................................................................................... 10 
2.2.2 坐标系的转换....................................................................................... 12 
2.2.3 卡尔曼滤波原理................................................................................... 14 
2.2.4 扩展卡尔曼滤波................................................................................... 15 
2.3 惯性导航系统误差分析 ............................................................................... 17 
2.3.1 惯性导航系统误差分类....................................................................... 17 
2.3.2 主要惯性元件误差模型....................................................................... 18 
2.3.3 惯性导航系统数学误差模型............................................................... 21 
2.3.4 数学误差公式解析............................................................................... 22 
2.4 惯性导航误差仿真与分析 ........................................................................... 24 
2.4.1 无滤波状态下的陀螺仪误差仿真与分析........................................... 24 
2.4.2 卡尔曼滤波后的误差仿真与分析....................................................... 25 
2.5 本章小结 ....................................................................................................... 26 
第三章 天文导航系统误差研究 ...................................................................... 27 
3.1 引言 ............................................................................................................... 27 















3.2.1 天文导航敏感器概述........................................................................... 27 
3.2.2 高度差法天文定位算法....................................................................... 28 
3.2.3 基于星敏感器的天文定姿方法........................................................... 30 
3.3 天文导航误差分析 ....................................................................................... 32 
3.3.1 基于高度差法天文定位误差的分析................................................... 32 
3.3.2 基于星敏感器定姿误差的分析........................................................... 34 
3.4 本章小结 ....................................................................................................... 36 
第四章 惯性/天文组合导航系统算法研究 ................................................. 39 
4.1 引言 ............................................................................................................... 39 
4.2 惯性/天文组合导航模式分析 ..................................................................... 39 
4.3 惯性/天文组合导航误差分析 ..................................................................... 40 
4.3.1 基于陀螺仪误差修正的惯性/天文组合导航研究 ............................. 40 
4.3.2 基于陀螺误差修正的数学解算........................................................... 42 
4.3.3 惯性/天文组合导航自适应融合算法研究分析 ................................. 46 
4.4 长航时特殊环境下惯性/天文组合导航分析 ............................................. 48 
4.4.1 长航时特殊环境下惯性/天文组合导航组合模式 ............................. 48 
4.4.2 长航时特殊环境下惯性/天文组合导航性能分析与比较 ................. 49 
4.5 惯性/天文组合导航误差仿真与分析 ......................................................... 50 
4.5.1 基于陀螺仪误差修正的惯性/天文组合算法仿真与分析 ................. 50 
4.5.2 惯性/天文组合导航融合算法仿真与分析 ......................................... 51 
4.6 本章小结 ....................................................................................................... 52 
第五章 惯性/天文组合导航仿真系统 ........................................................... 53 
5.1 引言 ............................................................................................................... 53 
5.2 仿真系统方案设计 ....................................................................................... 53 
5.3 惯性/天文组合导航仿真系统模拟设计 ..................................................... 54 
5.3.1 仿真系统原理框图介绍....................................................................... 54 
5.3.2 STK 环境下的仿真模拟 ...................................................................... 55 
5.4 本章小结 ....................................................................................................... 57 















参考文献 ................................................................................................................... 61 

































Chapter1 Introduction .......................................................................................... 1 
1.1 Background and Significance ........................................................................ 1 
1.2 Status at home and aborad ............................................................................ 1 
1.2.1 Research on the Status of Integrated Navigation .................................... 3 
1.2.2 Research on the Status of INS/CNS ........................................................ 3 
1.3 Purpose and significance ................................................................................ 5 
1.4 Main Contents and arrangement .................................................................. 6 
Chapter2 Research on the Error of Inertial Navigation System ........... 9 
2.1 Introduction ..................................................................................................... 9 
2.2 Principle of Positioning Algorithm for INS ................................................ 10 
2.2.1 Commonly used coordinate system ...................................................... 10 
2.2.2 Conversion of coordinate systems ........................................................ 12 
2.2.3 Kalman filter principle .......................................................................... 14 
2.2.4 Extended Kalman filter ......................................................................... 15 
2.3 Error analysis of INS .................................................................................... 17 
2.3.1 Error Classification of INS ................................................................... 17 
2.3.2 Principal inertia element error model ................................................... 18 
2.3.3 Mathematical model of error ................................................................ 21 
2.3.4 Mathematical Formula Analysis of Error ............................................. 22 
2.4 Simulation and Analysis of INS Error ........................................................ 24 
2.4.1 Simulation and Analysis of Gyroscope Error in No Filtering ............... 24 
2.4.2 Error Simulation and Analysis of Kalman Filter .................................. 25 
2.5 Chapter Summary ........................................................................................ 26 
Chapter 3 Research on the Error of CNS .................................................... 27 
3.1 Introduction ................................................................................................... 27 
3.2 Principle of Positioning Algorithm for CNS ............................................... 27 















3.2.2 The algorithm of height difference in CNS .......................................... 28 
3.2.3 The algorithm of Star sensor to determine the attitude in CNS ............ 30 
3.3 Error analysis of CNS ................................................................................... 32 
3.3.1 Analysis of Astronomical Positioning Error Based on Height Difference 
Method ........................................................................................................... 32 
3.3.2 Analysis of Attitude Determination Based on Star Sensor ................... 34 
3.4 Chapter Summary ........................................................................................ 36 
Chapter 4 Research on Algorithm of INS/CNS .......................................... 39 
4.1 Introduction .................................................................................................. 39 
4.2 Analysis of INS/CNS model .......................................................................... 39 
4.3 Error Analysis of INS/CNS .......................................................................... 40 
4.3.1 Research on INS/CNS Based on Gyroscope Error Correction ............. 40 
4.3.2 Mathematical solution based on gyro error correction ......................... 42 
4.3.3 Research on Adaptive Fusion Algorithm for INS/CNS ........................ 46 
4.4 Analysis of INS/CNS in Special Environment for Long Sailing ............... 48 
4.4.1 Combined Mode of INS/CNS in Special Environment for Long 
Sailing ............................................................................................................ 48 
4.4.2 Performance Comparison and Comparison of INS/CNS in Special 
Environment for Long Sailing ....................................................................... 49 
4.5 Simulation and Analysis of INS/CNS Error .............................................. 50 
4.5.1 Simulation and Analysis of INS/CNS Combination Algorithm Based on 
Gyroscope Error Correction ........................................................................... 50 
4.5.2 Simulation and Analysis of INS/CNS Fusion Algorithm ..................... 51 
4.6 Chapter Summary ........................................................................................ 52 
Chapter 5 Simulation of INS/CNS .................................................................. 53 
5.1 Introduction ................................................................................................... 53 
5.2 Simulation system design ............................................................................. 53 
5.3 Simulation design of INS/CNS simulation system ..................................... 54 













Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
